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DEVELOPMENT  OF  A HIGH  RESOLUTION  IMAGE 
INTENSIFIED  SPECTROGRAPH 


1.  INTRODUCTION 

This  instrument  was  developed  to  provide  high  resolution 
spectral  information  of  low  light  level  radiations  from  atomic  and 
molecular  species  related  to  the  IR  chemistry  of  the  upper  atmos- 
phere when  excited  by  electron  bombardment  by  a rocket-borne 
electron  accelerator. 

A near-optimum  instrument  has  been  developed  under  this 
contract  to  provide  a diagnostic  tool  to  record  visible -radiating  species 

related  to  the  IR  chemistry  of  the  metastable  state  of  atomic  nitrogen, 

9 11 

N(  D),  and  atomic  oxygen  0(  S)  and  0{  D)  in  the  altitude  range 

of  90-120  kms.  The  instrument  combines  several  state-of-the-art  design 
features;  i,  e.  , fast  F/number,  echelle  and  crossed  dispersion  gratings, 
image  intensification,  and  direct  photographic  film  contact  with  the  fiber- 
optic output  screen  of  an  image  intensifier.  The  combination  of  these 
design  features  increases  the  total  sensitivity  of  this  instrument  far  in 
excess  of  any  spectrograph  used  for  collecting  this  type  of  spectral  infor- 
mation on  Exceed-type  programs. 


2.  BACKGROUND 


In  197  4,  operating  under  contract  to  Utah  State  Univer- 
sity and  AF’CRL,  HSS  Inc  developed  an  image-intensified  spectro- 
graph named  Cygnus  for  use  on  Project  Precede.  The  Precede 
event,  sponsored  by  DNA,  had  as  its  principle  objective  the  test  of 
the  performance  of  a rocket-borne  electron  accelerator  in  the  altitute 
range  of  90-120  kilometers.  Ground  based  optical  measvirements, 
including  the  use  of  the  Cygnus  spectrograph,  were  performed  as  an 
aid  to  diagnosing  the  accelerator  performance,  as  back-up  to  the 
payload  photometers,  and  as  an  evaluation  of  techniques  for  making 
ground  based  measurements  of  electron-induced  atmospheric  processes. 

The  results  of  the  Preeede  Event,  conducted  at  White  Sands 
Missile  Range  on  17  October  1974,  demonstrated  incontrovertibly  the 
importance  of  ground  based  measurements  to  upper  atmospheric  aeronomy 
programs  involving  electron  deposition.  In  the  Precede  case,  for  example, 
a malfunction  of  the  system  for  removing  the  covers  of  the  on-board  photo- 
meters rendered  those  instruments,  in  effect,  inoperative  and  the  only  data 
obtained  was  from  the  ground  based  instruments. 

The  Cygnus  spectrograph  obtained  data  over  the  entire  opera- 
ting period  of  the  electron-accelerator.  The  data  was  of  good  quality  hut 
was  contaminated  by  an  unexpected  source  of  light,  as  was  the  data  from 
the  other  ground  based  instruments.  The  contaminating  light  source  was 
related  to  unspent  propellant  emanating  from  the  combustion  chamber  of 
the  second  stage  booster  which  was  deliberately  left  attached  to  the  accelera- 
tor payload  to  improve  vehicle  neutralization. 

Cygnus  spectrograph  is  a low-dispersion  survey-type  instru- 

o o 

ment  covering  the  wavelength  region  from  4200  A to  8500  A . The  large 
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wavt'lonuth  oovt'raRo  is  piM'haps  its  firratost  attrihutt'.  Its  wavolrnyth 
rosolutioa,  spatial  rosohition  ami  sensitivity  are  ino(l»'st.  Size,  weifjht, 
and  configuration  of  the  instrument  are  such  that  the  instrument  lends 
itself  to  easy  adaptation  to  any  kind  of  automatic  or  manually  trainable 
mount. 


The  Cygnus  instrument  witli  its  low  dispersion,  220  A (>er 
millin\eter,  and  consequent  modest  resolution,  10  to  12  A,  is  a suitable 
instrvnnent  for  certain  cl;^sses  of  measurements  on  llxceeil  typ«'  pro- 
I grams.  It  is  tlie  equivalent  of  400  photometer  cliannels  each  10  A widt', 

' all)eit  of  reduced  sensitivity.  Witli  it^prominent  fi-alures  of  tlio  spcv'trum 

can  be  readily  observed  and  their  temporal  and  to  sonu*  degree  spatial 
features  can  be  studied. 

The  goal  of  I'lxcecd  type  events  is  the  study  of  atmospheric 
chemistry  processes  in  the  vicinity  of  altitudes  arotind  100  kilometers 
under  controlleil  comlitions  of  electron  impact.  4'lte  complex  chemistry 
chains  that  result  front  this  electron  tieposition  must  be  undi'rstinnl  for 
many  up()er  atmosplicric  proldems  and  at't'lications. 

I The  optical  spectra  imluced  by  the  chemical  proe<‘Ss«'s  ar«' 

primarily  ittfrared  radiations  and  weak  visible  or  ui'ar-visible  radialiotts. 

In  a low  resolution  instruntent  svich  as  t’ygnus  and  in  photontetci’s , thesi' 
weak  visible  radiations  t<'nd  to  be  swamped  by  tin*  r.adi.if ions  of  m'ighl'o?'- 
ing  prominettt  atontic  lines  or  ntolecular  bands,  tine  is  (livis  led  to  con- 
clude that  to  improve  upoit  presmit  ground  bast'd  spt't'tral  nu'asurt'mt'tits 
bettor  .vavelength  resolution  is  required. 

Perhaps  out'  of  the  most  imimi'tant  visible -r.adiating  spet'it's 

related  to  the  111  chemistry  is  the  metastable  state  of  attnnic  nitrt>gt't\, 

2 

N (“ID.  t'onsequently,  any  considt'ration  of  new  or  imprttved  itistrumentation 

should  provide  for  tht'  capability  of  recortling  this  .atomic  doublet.  Tht' 

2 

previous  instr\imei\t  t'YtiNl'S  did  not  have  the  sensitivity  to  record  i\(“lD 
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emissions  from  any  planned  EXCEED  event  even  if  it  had  sufficient 
spectral  resolution  to  isolate  it  from  adjacent  spectral  features. 

The  requirement  for  improved  sensitivity  alone  did  not  jus- 
justify  a completely  new  instrument.  Improvements  could  have  been 
made  to  the  existing  Cygnus  which  would  have  increased  its  sensitivity 
and  thereby  improved  its  performance  and  capabilities.  However,  the 
requirement  for  increased  wavelength  resolution,  an  increase  of  between 
a factor  of  10  or  20,  could  only  have  been  fulfilled  by  a completely  new 
approach  to  the  spectral  dispersion  system,  making  a new  instrument 
approach  mandatory. 

The  new  instrument  Super  Cygnus  combines  both  high 
resolution  and  increased  sensitivity  to  provide  an  instrument  with  far 
more  capability  for  providing  spectral  information  related  to  the  IH 
chemistry  problems.  In  addition,  it  has  improved  spatial  resolution 


another  limitation  of  the  Cygnus  instrument. 


IQ* 
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3.  INSTRUMENT  DESIGN  GOALS 


The  optical,  mechanical,  and  electrical  design  of  the 
Super  Cygnus  spectrograph  was  designed  in  accordance  with  good 
commercial  practices.  The  design  goals  of  the  instrument  a 3 as 
follows: 


Parameter 
Wavelength  Coverage  . . . 

Linear  Dispersion 

Wavelength  Resolution  . . 

Relative  Aperture 

Field  of  View  (variable)  . . 

Image  Intensifier 

Radiant  Power  Gain  . . , . 

Cathode  Response 

Phosphor  Screen  

Film  Size 

Exposure  Times  (Optional) 


Design  Goal 
4200  A - 7500  A 

O 

15  A/mm 

o 

1 A 
f/1.  5 

0.  5 - 2.  0 degrees 

3 stage  electrostatic 

40,000 

S-20  VR 

P-11 

70  mm 

1,2,  5,  10,20  sec 
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4.  INSTRUMENT  FINAL  CHARACTERISTICS 


The  instrument  final  characteristics  are  better  than  the 
design  goals  in  two  major  respects.  The  image  intensifier  has  a higher 
radiant  power  gain  and  using  a reflective  cross  dispersion  grating 
instead  of  a transmission  type  allowed  us  to  have  more  grooves  per 
millimeter  thus  larger  separation  between  spectral  orders  and  linear 

O O 

dispersions  from  14  A /mm  to  25  A /mm. 


Para  meter 


Final  Characteristics 


Wavelength  Coverage 4200  A - 7500  A 

O O 

Linear  Dispersion 14  A /mm  - 25  A /mm 

O 

Wavelength  Resolution 1 A 

Relative  Aperture f/l.  5 

Field  of  View  (variable) 0.  5 - 2,  0 degrees 

Image  Intensifier 3 stage  electrostatic 

Radiant  Power  Gain 75,000 

Cathode  Response S-20  VR 

Phosphor  Screen P-11 

Film  Size 70  mm  x 125  ft 

Exposure  Times  (Optional) 1, 2,  5,  10.  20  sec. 


5. 


INSTKUiMEiNT  Ol’  I'lCAL  COMl\>NEN  I'S,  PAKAMK  1 KHS 
AND  CHARACTERIS  TICS 


5.  1 Clptical 

Pa  ra  meter 

C^bjective  Lens  .... 

Collimator  Lens  . . . 
Camera  Lens 

Operating  F/No.  . . . 
Image  Intensifier  Tube 


Magnification 

Radiant  Power  Gain  . . 
Field  of  View  (variable) 


Specification 

Modified  Maksutov  Catadioptric 
300  mm  FL.  . F/3.0  w/field 
flattener  lens. 

Schneider  Xenotar  Lens 
150  mn\  FL,  F/2.8. 

Farrand  Optical  Co. 

Super  Farron  Lens  w/lRlS 
76  nun  FL,  F/ 0.  87 

F/1.  5 

VARO  Inc  Type  8606.  40mm 
dia.  C'athode.  3 stage  inten- 
sification w/ fiber  optic  ex- 
tension on  anode  screen, 
w/P-11  Phosphor. 

0.  9 

75.  000 

0. 5 - 2.  0 degrees 


5.  2 Spectral 
Configuration 


Dispersion  Grating 


Order  Sorting  Grating 


Cros.s  dispersing  system. 
Echelle  Grating  for  high 
resolution  and  plane  reflec- 
tion grating  for  order  sorting. 

Echelle  grating,  Rausch  and 
Lomb  Type  35-03-25-401 
79  Groo%'es/mm.  63'*26'  blaze 
angle. 

Plane  reflectance  grating. 
Rausch  and  Lomb  Type 
35-53-20-280,  1200  grooves/ 
mm.  17'’27'  blaze  angle. 


F 

I- 


t 

i 

5.  3 SPKCTRAL  WAVELKNcrni  ORDERS 

o <* 

Total  wavoloiipth  coverage 4200  A - 7500  A 

c *> 

Einear  dispersion 14  A/mni  - 25  .A/nim 


VVaveloivgth  Resolution  . . . 

Orders 

1 A 

52 

Sjw'ctral 

Wavelength 

' O 

1. inear  {.A / nun) 

Wavelength 

Order 

Coverage 

(A) 

Dispersion 

Resolution  ( .\ ) 

30 

1 

7220 

to 

7720 

1 

24.8 

0.  99 

31 

6990 

to 

7460 

24.0 

0.  96 

32 

67  50 

to 

7220 

i 

0.  93 

33 

6580 

to 

6990 

22.  5 

0.  90 

34 

6390 

to 

o780 

21.9 

0.  88 

35 

6220 

to 

6580 

21.3 

0.  85 

36 

6050 

to 

6390 

20.  7 

0.  83 

37 

5890 

to 

6220 

20.  1 

0.  80 

38 

5740 

to 

6050 

19.  6 

0.  78 

30 

5590 

to 

5890 

19.  1 

0.  7 6 

40 

5460 

to 

5440 

18.  6 

0.74 

41 

1 

5330 

to 

5590 

18.  1 

0.72 

42 

5200 

to 

5460 

17. 7 

0.70 

43 

5090 

to 

5330 

17.  3 

0.  69 

44 

4 970 

to 

5200 

16.9 

0.  68 

45 

4«70 

to 

5090 

ir>. 

1 

0.  66 

46 

4760 

to 

4970 

16.2 

0.  65 

47 

4660 

to 

4870  ! 

15.8 

0.  63 

48 

4570 

to 

47  60 

15.  5 

0.  62 

49 

4480 

to 

4660  1 

15.  2 

0.60 

50 

4390 

to 

4570 

14.  9 

0.  59 

51 

4300 

to 

4480 

14.  6 

0.  58 

52 

4220 

to 

4390 

14.  3 

0.  57 

10 

' t 

»■ 

I 

11:. 


6.  MECllANICAI.  CHAH Ar THKISTICS 


Film  Transport 


Film  Transport  Ratos 


Slmttor  (capping) 


Spectrograph 


Orating  Holders 


70  mm  film  movement  enclosed 
in  a light  tight  case  painted  re- 
flective white,  with  a reciproca- 
ting film  pressure  platen  for  pro- 
viding direct  contact  of  the  film 
with  the  image  intensifier  fiber 
optic  output  face  plate  screen. 

The  film  transport  is  operated 
with  a camera  programmer 
Model  CC'-384X.  The  spectrograph 
incorporates  an  internal  shutter 
whicli  is  synchronized  with  the 
film  movement.  It  operates  in  a 
normally  open  to  open  mode,  closing 
only  when  the  film  is  advanced. 

The  choice  of  film  rates  are  1 
picture  per  second,  1 every  2 
seconds,  1 every  5 seconds,  i 
every  10  seconds,  and  1 every  20 
seconds. 

A 2 inch  diameter  HAH\'.\HI1  shut- 
ter is  incorporated  in  the  optical 
path  to  cap  the  input  light  to  the 
image  intensifier  during  film 
transportation.  It  is  synchronized 
with  tlie  film  transport  and  camera 
control  unit. 

All  of  the  optical  and  mechanical 
components  are  mounted  to  a 
common  frame  and  base  plate 
wiiich  is  enclosed  with  a light  tiglit 
cover  painted  reflective  white  with 
access  liatches,  one  to  change  slits 
or  field  of  view  limiters  and  one 
to  adjust  the  camera  lens  focus 
for  extreme  temperature  compen- 
sation. 

Hoth  gratings  are  mounted  in  front 
surface  pivoted  adjustable,  gonio- 
metric  grating  mounts. 


) 


Weight 

Mounting  points 


Center  of  Cravity 


157  pounds 

The  spectrograph  has  two 
optional  mounting  configura- 
tions. One  is  for  "in  laboratory 
use",  three  adjustable  leveling 
pads  are  arranged  on  an  18-inch 
per  leg  triangle  pattern  attached 
to  the  bottom  of  the  instrument 
base  plate.  The  other  method 
of  mounting  is  for  "in  field  use" 
on  a tracking  mount  rail.  When 
this  is  required,  an  interface 
plate  with  two  shoes  attached  is 
bolted  to  the  three  threaded  bases 
that  normally  hold  the  "in  labora- 
tory use"  leveling  pads.  These 
shoes  in  tvirn  bolt  to  the  tracking 
mount  instrument  rail. 

The  center  of  gravity  is  indicated 
in  three  axes  on  the  instrument 
with  CC'i  decals. 


7.  K[,I<X'THK'AL  C'HAKAt’ TKHIS  I K'S 


n 


I 

I All  olectrical  functions  arc  controlled  by  un  electrical 

! switch  fwnel  with  lights  to  indicate  all  functions,  (see  l•'ig,  (»,  pg  20  ) 


Item  Kvinction 


Film  Transport Switch  Position  Up  = Automatic 

(Programed!  ('entei'  » (Ih'!’’, 
Mtmientary  Down  = Manual  h’iltt) 
Advance. 


Image  Intensifier (In-l)ff  * ti.Tri  VIH'  Battery  Powi'r. 

AC'  Power On-Off  = llh  \'AC'  Power  to  b'ilm 

Transport  and  C'apping  Shutter. 

Shutter  Di.sahle Pp  * Normally  Open.  Light  ttff.  Down 

» C'loscd,  Light  On,  indicating  that  tlu' 
shutter  is  disabled  aiul  in  tiu'  I’apping  mod<’. 

Klectrical  C’onnector  and 

C'amera  C'able C’ontrol  Powr  to  b'ilm  Transport. 

Fleet rii’al  C'onnector 

llfi  VAC' Power  for oonfrol  circuit  to  film 

transport  and  shutter. 

I'llect rical  C'onneetor 

Programmer Signals  for  exposure  rates  to  film 

transport  and  shutti'r  are  supplied 
t\v  a Moilel  C't'-Ittt-lX  camera 
programnuM'. 


It 
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a.  KINAl.  rKST  HKSlIl/rS. 

'I'lio  contraotinp  officer's  ropresctitative,  Mr.  William 
lscnf»ar(l,  visited  IISS  Ine  laboratory  on  the  week  of  lt>  detober  ia7(i. 

At  that  time  we  eoiuiueted  final  optical  alif^nment  of  tlit'  optical  com- 
ponents and  [permanently  bolted  tlu'se  components  in  place.  'I’lie  system 
w'as  operated  and  spectral  sources  were  photograplied  on  film.  A 
Nikon  camera  was  used  to  photograph  the  Imajje  Intensifier  output  beeaust' 
tlie  film  transport  enclosure  was  not  completely  fabricated  at  that  tinu'. 
Uesolution  and  dispersion  tests  were  conducted  and  evaluated.  'I'lie  instru- 
ment either  met  or  surpassed  all  of  the  desifijn  fjoals  and  was  tentatively 
accepted  by  Mr.  Isenfjard  pending  a final  integrated  tj'st  incorporating 
the  film  transport  coupled  to  the  image  intensifier  fil)er-o|>tie  output 
screen  with  the  electrical  control  circuit  in  full  operation. 

'I'he  film  transport  was  completed  in  mid  Novemlper  It'Tti.  'I’lie 
speetrogra[ph  was  eli'c'trieally  wired  and  the  switi'h  and  relay  control  panel 
was  installed  and  tested. 

The  film  transport  was  tested  with  film  in  direct  contact  with 
the  Image  Intensifier  output  fiber  optic  screen  and  spectiMims  were  photo- 
graphed of  several  spectral  sources. 

The  results  were  excellent:  there  were  no  static  electric  charge 
proldems  with  the  film  in  direct  contact  with  the  fiber  ojitic  face  plate  oi* 
in  transport.  'I’lie  t'ntire  instrument  system  ofK'rated  vi'rv  satisfactoi'ily . 

The  higii  resolution  image  intensified  sfiectrograph  is  com|il<'teii 
and  Final  Acceptance  by  the  contracting  officer  was  conducted  on  April  21 
and  22, 1977. 

8,  I Figure  ami  Photograph  (.'omments. 

^'igure  I is  a diagramatic  la.yout  in  plan  view  of  tlic  instrument 
identifying  tlie  loeation  of  all  tlie  principal  components  of  tlic  s[H'ctrograph. 
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F ig-jre  1.  Optical  Diagram  of  Spectrograph 


Figure  2 is  a photograph  showing  the  geometrical  character- 
istics of  the  image  intensifier  tube.  The  VARO  8606  tube,  as  do  all  3-stagc 
electrostatically  focused  image  intensifier  tubes,  displays  marked  pincushion 
distortion.  There  is  also  a radial  decrease  in  efficiency  of  response.  This 
again  is  an  inherent  characteristic  of  the  electrostatically  focused  image  inten- 
sifier tubes.  A general  conclusion  regarding  all  geometric  characteristics 
of  the  instrument  is  that  in  applications  where  high  positional  accuracy  is 
required,  detailed  calibration  of  the  image  tube  geometry  is  essential. 

Figure  3 presents  a high-dispersion  spectrum  taken  with  the 
spectrograph.  The  source  was  a highly  attenuated  glow  discharge  spectrum 
of  iron  excited  by  a microwave  generator.  Twenty-three  spectral  orders  are 
covered  by  the  spectrogram,  although  some  are  quite  faint,  A transparent 
overlay  is  provided  to  give  the  reader  an  indication  of  the  degree  of  distortion 
present  in  each  spectral  order. 

Figure  4 is  a photograph  of  the  complete  spectrograph  with 
objective  lens,  instrument  cover,  electrical  controls,  and  film  transport. 

Figure  5 is  a photograph  of  the  instrument  with  the  covers 

removed. 

Figure  6 is  a close-up  photograph  of  the  electrical  control  panel. 


Spi'i’t  .nil  >'!'  linn  .^Imv -<l  i.'-n'lin  rp,-  snniin  wiili  1 1 .ui  jp.i  iiii 

i>.''  pun  iinhii'i)  mil  ‘’I'lil. 


Figure  4.  Completed  Super  Cygnus  Spectrograph. 
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